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(57)Abstract: 

PURPOSE: To provide a combined oil ring of 
three-pieces type wherein any wearing amount in 
a side rail periphery, oil ring groove internal wall 
and a contact part of a spacer expander with a 
side rail can be reduced. 
CONSTITUTION: A nitriding layer 21 by ion 
nitriding is formed in only peripheral surfaces of 
upper/lower side rails 13, 1 5 to prevent wearing 
of a side rail periphery and further of an oil ring 
groove internal wall. A nitriding layer 33 is 
formed in a part at least brought into contact with 
internal peripheries of the side rails 13, 15 in a 
spacer expander 1 7, arranged therebetween, to 
prevent wearing of the spacer expander 1 7 and 
failing of tension. 



CLAIMS 



[Claim(s)] 

[Claim 1] The combination oil ring characterized by having performed plasma nitriding 
processing only to the periphery of said side rail, and performing nitriding treatment to 
the part of said spacer expander which contacts the inner circumference of said side rail 
at least in the combination oil ring of 3 piece molds which have arranged the spacer 
expander between the side rails of the-two upper and lower sides. 
[Claim 2] The combination oil ring according to claim 1 which it becomes from the 
tempered martensite system stainless steel with which said side rail contains 13 - 22% of 
Cr(s), and said spacer expander becomes from austenitic stainless steel. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Pistons, such as an internal combustion engine and a compressor, 
are equipped with this invention, and it relates to the combination oil ring which performs 
oil control. 
[0002] 

[Description of the Prior Art] In recent years, an internal combustion engine is high- 
performance-ized increasingly, and the thing of a high speed and a high load is 
developed. In connection with this, various improvements are made in order to raise the 
thermal resistance of slide members, such as a cylinder and the piston ring, abrasion 
resistance, printing-proof nature, etc. Recently, in addition to this, much more reduction 
of fuel consumption and lubricating oil consumption is called for. For this reason, 
especially in a gasoline engine etc., the combination oil ring of 3 piece molds has come to 
be used abundantly. 

[0003] Since nothing and the vertical rail are separate, the combination oil ring of 3 piece 
molds the structure which has arranged the spacer expander between the side rails of the- 
two upper and lower sides Since it is easy to follow minute deformation of a boa and a 
vertical rail contacts the top face of the oil ring slot on the piston, and an underside Since 
it excels in the seal effectiveness, the abutment of a vertical rail can be 180 ** Shifted 
and it can attach, it does not say that the place of an abutment opens, consequently has 
the advantage that reduction of lubricating oil consumption is achieved. 
[0004] An example of such the combination oil ring is shown in drawing 7 . This 
combination oil ring 1 1 allots the annular side rails 13 and 15 up and down, and where 
the spacer expander 1 7 with which a cross section makes a U shape among these side 
rails 13 and 15 is compressed, it equips with them. In order to give endurance to sliding 
with a cylinder bore as side rails 13 and 15, martensitic stainless steel etc. is used. Since it 
is necessary to give higher spring nature and toughness as a spacer expander 17 compared 
with side rails 13 and 15, austenitic stainless steel etc. is used. In addition, the notch 19 
which makes the role which leads a lubricating oil to oil ring Mizouchi is formed in the 
spacer expander 17. 

[0005] In order that side rails 13 and 15 may raise abrasion resistance, the whole front 
faces or forming [ many ] the hard coat 21 selectively are performed. For example, 
preparing a nitrated case in all the front faces of a side rail is indicated by JP,58- 
136771, A, and forming the hardening layer by quenching or nitriding treatment in the 



inner skin and the peripheral face of a side rail is indicated by JP,53-147309,U at it. 
Furthermore, in order that the, spacer expander 17 may also give abrasion resistance in the 
contact surface with side rails 13 and 15 etc., forming a hard coat is performed. For 
example, forming the hardening layer by quenching or nitriding treatment in the outside 
surface of a spacer expander being indicated by JP,53-147308,U, and performing soft 
nitriding processing to JP,5 8-5456, A at both a side rail and a spacer expander is 
indicated. 
[0006] 

[Problem(s) to be Solved by the Invention] However, as shown in JP, 5 8- 136771, A and 
JP,5 8-5456, A, when nitriding treatment of the whole front face of a side rail was carried 
out, the side rail stiffened, and it becomes easy to produce a crack etc., and there was a 
trouble of becoming easy to wear an oil ring slot out, by contact into a side rail and the oil 
ring slot on the piston. 

[0007] Moreover, as shown in JP,53-147309,U, when nitriding treatment was performed 
to the inner skin and the peripheral face of a side rail, the problem of embrittlement was 
mitigated compared with the case where nitriding treatment of the whole front face is 
carried out, but when inner skin served as hard, the problem of wear of an oil ring slot 
was not solved. That is, it is because the inner skin of a side rail and the inner 
circumference corner of an abutment tend to hit the wall of the upper and lower sides of 
an oil ring slot and an oil ring slot is deleted by these. 

[0008] Furthermore, as shown in JP,53-147308,U and JP,58-5456,A, when nitriding 
treatment was performed to the outside surface of a spacer expander, the abrasion 
resistance in the contact surface with a side rail improved, but when nitriding treatment 
also of the side rail was carried out, wear by the more nearly hard side rail could not be 
prevented and sufficient abrasion resistance was not able to be obtained. In addition, if a 
spacer expander is worn out, the tension of the oil ring will decline and oil consumption 
will increase. 

[0009] Therefore, the object of this invention is to offer the combination oil ring which 
abrasion resistance was raised, and prevented wear of an oil ring slot, and also lessened 
wear of a spacer expander, and gave the outstanding endurance, without embrittling a 
side rail. 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned object, this 
invention is characterized by having performed plasma nitriding processing only to the 
periphery of said side rail, and performing nitriding treatment to the part of said spacer 
expander which contacts the inner circumference of said side rail at least in the 
combination oil ring of 3 piece molds which have. arranged the spacer expander between 
the side rails of the-two upper and lower sides. 

[001 1] Moreover, in the desirable mode of this invention, it consists of tempered 
martensite system stainless steel with which said side rail contains 13 - 22% of Cr(s), and 
said spacer expander consists of austenitic stainless steel. 
[0012] Hereafter, this invention is further explained to a detail. 
[0013] As for the side rail used in the combination oil ring of this invention, plasma 
nitriding processing is performed only to the peripheral face. Glow discharge of the ion 
nitriding is carried out using the mixed gas of a nitrogen gas simple substance or nitrogen 
gas, and the hydrocarbon system gas of a minute amount in a low vacuum, and it is 



nitriding or the approach of carrying out soft nitriding. If it explains more concretely, 
after making the inside of a furnace into a vacuum to 10-2 - 10-3Torr extent, for example, 
the mixed gas of nitrogen and hydrogen will be introduced and furnace internal pressure 
will be controlled on processing conditions at one in all to 10 Torr. By making a furnace 
body into an anode plate in this, and generating glow discharge among both by using a 
processing article as cathode, the ionized nitrogen is accelerated, and it is high-speed, and 
is the approach of making collide with a processing article and nitriding the front face of 
a processing article. In this invention, nitriding treatment can be efficiently performed 
only to the peripheral face of a side rail by the approach indicated by the example 
mentioned later, for example by adopting ion nitriding. 

[0014] coefficient of friction of** plasma nitriding layer which a compound layer does 
not generate on ** front face on which a nitrated case with this ion nitriding thick at 
processing of** short time is obtained, and where ** processing temperature is low ~ 
other nitriding treatment layers - comparing - small **H+ and small N+ ** which does 
not have the need for pretreatment by sputtering operation of ion — it has the outstanding 
advantage of being pollution- free. Moreover, when tempered martensite system stainless 
steel is used as construction material of a side rail, the monolayer of Fe4N is formed as a 
nitrated case, and the limitation of fatigue strength is high and can consider as the hard 
coat excellent in endurance. 

[0015] Moreover, in this invention, even if there are few spacer expanders arranged 
between the side rails of the-two upper and lower sides, nitriding treatment is performed 
also to a contact part with side-rail inner circumference. The nitriding treatment 
performed to a spacer expander is not limited to plasma nitriding processing, and various 
well-known approaches, such as gas nitriding, salt bath soft nitriding, and a gas-soft- 
nitriding method, can be used for it. In this case, nitriding treatment may be performed 
only to the contact surface with the above-mentioned side rail of a spacer expander, or 
nitriding treatment may be performed to all the front faces of a spacer expander. 
[0016] In addition, although especially the thickness of a nitrated case is not limited, in a 
side-rail peripheral face, its 30-90 micrometers are desirable, and it is desirable [ 
thickness ] in this invention, in the contact surface with the above-mentioned side rail of a 
spacer expander to be referred to as 12-25 micrometers. 

[0017] In order that a side rail may contact a cylinder bore, the construction material 
excellent in thermal resistance and abrasion resistance is desirable, for example, the 
tempered martensite system stainless steel containing 13 - 22% of Cr(s) is adopted 
preferably. When this tempered martensite system stainless steel is used, as mentioned 
above, the advantage that the monolayer of Fe4N is formed as a plasma nitriding layer is 
acquired. Moreover, in order that a spacer expander may give tension to a side rail, the 
construction material which was excellent in spring nature and toughness with thermal 
resistance and abrasion resistance is desirable, for example, austenitic stainless steel is 
adopted preferably. 
[0018] 

[Function] Since the combination oil ring of this invention performs plasma nitriding 
processing to the peripheral face of a side rail, i.e., the contact surface with a cylinder 
bore, and does not carry out plasma nitriding processing to the inner skin and the vertical 
side of a side rail, it can prevent embrittlement of a side rail and can maintain endurance. 
[0019] Moreover, since nitriding treatment of the vertical side of the side rail in contact 



with the wall of an oil ring slot, the end face of an inner circumference part and an 
abutment, etc. is not carried out, they can also prevent wear of an oil ring slot. 
[0020] On the other hand, although nitriding treatment of the part to which a side rail 
contacts a spacer expander is not carried out, since a hard thing is adopted rather than the 
construction material of a spacer expander, if the construction material of a side rail 
remains as it is, generally it cannot prevent wear of a spacer expander. 
[0021] In this invention, by having performed nitriding treatment to the part of a spacer 
expander which contacts the inner circumference of a side rail at least, wear of a spacer 
expander can also be prevented and lowering of the tension of the spacer expander by 
wear can be prevented. 

[0022] Thus, according to this invention, in the peripheral face of the side rail in contact 
with a boa, the abrasion resistance by plasma nitriding processing is given. Prevent wear 
of an oil ring slot, without performing nitriding treatment in the part in contact with an oil 
ring slot, and it sets into a contact part with a spacer expander. By not performing 
nitriding treatment to a side rail, but performing nitriding treatment to a spacer expander, 
wear of a spacer expander can be prevented and the combination oil ring which is 
excellent in endurance, continues at a long period of time and can maintain oil 
consumption low according to these operations can be offered. 
[0023] 

[Example] One example of the combination oil ring of this invention is shown in drawing 
I. 

[0024] This combination oil ring 31 is 0.5mm in thickness of the-two upper and lower 
sides. The annular side rails 13 and 15 formed with the thin steel ribbon of extent are 
allotted up and down, and where the spacer expander 17 with which a cross section 
makes a U shape among these side rails 13 and 15 is compressed, it equips. 
[0025] Side rails 13 and 15 consist of tempered martensite system stainless steel 
containing 1 3 - 22% of Cr(s), nitriding treatment is performed by ion nitriding to the 
peripheral face, i.e., the part in contact with a cylinder bore, and the nitriding treatment 
layer 21 is formed. For this reason, compared with the case where nitriding treatment is 
performed on the surface of [ whole ] a side rail, embrittlement can be prevented and 
endurance can be raised. In addition, if needed, surface treatment by formation of a tri- 
iron tetraoxide layer, the parkerizing, a tinning, etc. may be performed to fields other than 
the field where nitriding treatment is not performed, i.e., the peripheral face of side rails 
13 and 15, so that conformity may be given. 

[0026] The spacer expander 17 consists of austenitic stainless steel, the notch 19 is 
formed at intervals of predetermined, and the lubricating oil gathered up by side rails 13 
and 15 is led to oil ring Mizouchi. The handle part 23 is formed in the inner 
circumference side of the spacer expander 17, and this handle part 23 engages with the 
side rails 13 and 15 arranged up and down. In addition, the configuration of the spacer 
expander 17 is not limited to the illustrated thing of a cross-section U shape, and the thing 
of other configurations, such as a wave spacer expander, may be used for it. 
[0027] Nitriding treatment was performed to the contact part, especially the above- 
mentioned handle part 23 with side rails 13 and 15 of the spacer expander 17, the 
nitriding treatment layer 33 is formed, respectively and wear of the spacer expander 17 
by contact to the side rails 13 and 15 which consist of construction material with a more 
high degree of hardness is prevented. In addition, when performing nitriding treatment to 



the spacer expander 17, various approaches, such as gas nitriding, salt bath soft nitriding, 
and a gas-soft-nitriding method, can be adopted. Moreover, the spacer expander 1 7 may 
perform nitriding treatment to the whole front face. 

[0028] The condition of having equipped oil ring Mizouchi of a piston with the 
combination oil ring shown in drawing 1 is shown in drawing 2 . 
[0029] The pressure welding of the peripheral face is carried out to a cylinder bore 37 by 
the extended force of the spacer expander 17, and the combination oil ring 31 with which 
it was equipped in the oil ring slot 35 on the piston fails to write excessive oil according 
to it. At this time, since the nitriding treatment layer by ion nitriding is formed in the 
peripheral face of side rails 13 and 15, wear can be prevented. 

[0030] On the other hand, the extended force of the spacer expander 17 acts also in the 
direction which pushes side rails 13 and 15 up and down, and the top face by the side of 
the inner circumference of a side rail 13 is used as the wall top face of the oil ring slot 35, 
and it makes the wall underside of the oil ring slot 35 use the pressure welding of the 
underside by the side of the inner circumference of a side rail 15, respectively. Since the 
nitriding treatment layer is not formed in any parts other than the peripheral face of side 
rails 13 and 15 at this time, wear of the wall of a ring groove 35 can be prevented. 
[0031] Moreover, since the nitriding treatment layer is not formed in the abutment parts 
of a side rail 1 3 and 1 5 inner circumference, wear of the oil ring slot 35 by an abutment 
part contacting the wall of the oil ring slot 35 is also prevented. 
[0032] On the other hand, since the nitriding treatment layer 33 is formed in the contact 
part with the side rails 13 and 15 of the handle part 23 of the spacer expander 17, wear of 
the spacer expander 17 by contact to side rails 13 and 15 can be prevented, and lowering 
of the tension by wear of a spacer expander can be prevented. 

[0033] As shown in example of experiment 1 drawing 3 , the side rail 43 which consists 
of tempered martensite system stainless steel was twisted around cylinder 47 periphery 
set up on the support plate 41, the laminating was carried out up and down, the pressure 
plate 45 was laid in the top face, and the side rail 43 was stuck up and down. Nitriding 
treatment was performed from the way with ion nitriding to peripheral face 43a outside 
the side rail 43 in this condition, and the nitriding treatment layer was formed. 
[0034] The side rail 43 which performed nitriding treatment by this approach is shown in 
drawing 4 . Since nitriding treatment is made by peripheral face 43a where a side rail 43 
is stuck up and down, nitriding treatment is not made by the vertical side of a side rail 43, 
and inner skin 43b, but the nitriding treatment layer 21 is formed only in peripheral face 
43a of a side rail 43. 

[0035] The relation between laminating location A-E of the side rail 43 in drawing 3 and 
the depth of the nitriding treatment layer, formed in each location is shown in drawing 5 . 
That is, the depth of the nitriding treatment layer 21 formed in drawing and each side rail 
43 in the sample from the part of A-E in drawing 3 , respectively is measured. 
[0036] Consequently, the depth of the nitriding treatment layer 21 formed in peripheral 
face 43a of a side rail 43 is 60 micrometers altogether irrespective of a sample location. It 
is extent and it turns out that the nitriding treatment layer 21 is mostly formed in the 
depth of homogeneity to a side rail 43. 

[0037] The relation of the depth from the periphery of the nitriding treatment layer 21 
and the degree of hardness of a cross section which were formed in peripherial face 43a of 
a side rail 43 is shown in drawing 6 . 



[0038] Consequently, the degree of hardness of the base material of a side rail 43 When 
the nitriding treatment layer 21 by ion nitriding is formed to being Hv372, it is 60 
micrometers from the peripheral face of the nitriding treatment layer 21. In the part of the 
depth of extent HvlOOO The above degree of hardness is shown and it turns out that a 
degree of hardness is very high compared with the case where plasma nitriding 
processing is not performed. 

[0039] Example of experiment 2 diameter of 86mm, a serial 4-cylinder, and 2000 cc The 
engine piston was equipped with the piston ring shown in a table 1, and it operated 
5200r.p.m.xW.O.T.x30 hour on condition that water temperature 105 ** and oil- 
temperature 125 **. in addition, "TOP" being a top ring and "2ND" being a second ring 
and "OIL" among a table 1, - the oil ring — "-- "pitch 7mm" of that total R" has a circular 
barrel and a spacer, spacing of the circumferencial direction of a handle part and a handle 
part and "B" mean the thickness lay length of each ring, and "T" means the radial width 
of face of each ring. In addition, the side-rail up underside presupposed that he has no 
belt sander processing. 
[0040] 
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[0041] The result of having measured the abrasion loss of each piston ring is shown in 
drawing 8 after operation termination. "CYL" means an engine cylinder number among 
drawing. Moreover, the value indicated by the upper column of drawing means the 
average of a 4-cylinder. Thus, each of abrasion loss of the periphery of the oil ring and 
handle part contact abrasion loss of the spacer of the oil ring was able to be made into the 
very small value. 



[0042] Moreover, the result of having measured the abrasion loss of an oil ring slot is 
shown in drawing 9 . In addition, in drawing 9 , in Front and "Th", Thrust and "R" 
express Rear and "AT" expresses [ "F" ] Anti Thrust. The side rail used what has weld 
flash with a height of 7 micrometers [ a maximum of] in the piston side of the abutment 
section. Thus, all abrasion loss of an oil ring slot was so small that it was undetectable. 
[0043] Furthermore, the result of having measured the rate of tension decline of each 
piston ring is shown in drawing 10 . Thus, the rate of tension decline of the oil ring was 
low maintainable. 

[0044] The side rail which carried out plasma nitriding processing, the spacer expander 
whose front face is not processed, and the spacer expander which carried out salt bath 
soft nitriding processing (tufftriding) of the front face were combined only with example 
of experiment 3 peripheral face, and two kinds of oil rings were produced. 
[0045] The piston of the same engine as the example 2 of an experiment was equipped 
with these oil rings, it operated on the same conditions as the example 2 of an 
experiment, and the abrasion loss of a spacer expander and a side rail was measured. This 
result is shown in drawing 1 1 . 

[0046] Thus, by carrying out nitriding treatment of the spacer expander, the handle part 
abrasion loss of a spacer expander decreased substantially, and, on the other hand, side- 
rail inner circumference abrasion loss was extent which increases slightly, 
[0047] 

[Effect of the Invention] As explained above, according to the combination oil ring of 
this invention, by having performed plasma nitriding processing only to the peripheral 
face of a side rail, and having performed nitriding treatment to the part of a spacer 
expander which contacts side-rail inner circumference at least, any abrasion loss of the 
handle part of a side-rail periphery, an oil ring slot, and a spacer expander can be 
reduced, it excels in endurance, and the oil ring which continues at a long period of time 
and can maintain lubricating oil consumption low can be offered. 
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4968035 8 -1 3 6 7 7 1 ^fcli. FW-/Ka£2l 
BSfcSfliB] SrRtt*. CI fc tfWmZ tlXh 0 . ^HS5 3 

- 1 4 7 3 o 9^ii, -»m ku -iwfommftm 
mizm xixxis.m<k9mtzz immmm-i z t 

^m^tiX^h. St. x^--tf-x*XJ\°y^l 7 

TV>4. Witf. H^BS53-14 7308^tC{i. X 
10 ^— \'y yntmmz®. S AixXlilttiK 

BBBJ5 8-54 5 6#ttt, "t-f HU- ^U^- fx 

OS. 

[0006] 

5 8-1 3677 1#. «BHBS5 8-5 4 5 6^C^S 

FU-iMmtlX7y v'?%t'tf£.l 
20 ^-f<^rO. *M YU-frkt'ZY-yoXJ )W 
ymtnmmzj; 0 . ^^'j y/?ftA { ^«t^1-< 

[00073 HI3f@53-147309^tC^$ 

ttcj; 1 ?. %4)vyy rmcoim Mfmitmizti 
&*>o7t. -r**>t>, *4)Wyym<r)£T<7>nmz 

[0008] Ets H^5 3-147308-^, nffi] 
HS5"8-54 5 6^C^Sai>J:atC, X^— fx^-X 

«ttSrftiifc*l-C*%*»o!t. X^— fXdfX 

y-cyyAWftft t . ^ 'J y yvm-fttf&T ix . 

40 3f>f/WBMl**Jlbrt-&. 

[0 00 9 3 Ltztf^X. *5fiHflW@Wtt. If-f HU- 

VyfMnm&ZMikL. A^o. x^— fxJfXM'y/ 

Mv^yy^wikthzuzhh. 

[00 103 

to. *%Bfl(i. ±T2*cO-9-W KU-;K9lSH;:x'<— * 
xJfXM-yySrSaaLJt 3 t-xStfOffl^-tirsr-^ /Hi >• 

50 ^tfcv^T. frie-t^ vv—)wwm\ l zffi?i.4$ymL 
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»ia£J£U MEx^-^x^xAy/cD^'SK 

[00 11] itz, XmXOfi&l^imizti^Xte. 
1ME1M KI/-JWC r 1 3-2 2%£Mf*£Mv^f- 
yM h^xf-ywxffl^ftO. ffifEx^— *x*x 

/^m-xft'f h^xf-yi^xasj^ 

[00 1 2] J2TF. *»HtoHT!Et»IHc:K*r 
[0013] #jfci«IJ<9ffl£tf *>f ;W»J >-^fcfc^Tffl^ 10 

#Xtig*#X k tMOjMbfc*iR#xofi£#x tffi 
S. «tOH*WC»i»tftt» fiflUifff^lO-z-lO" 3 

Torrg^^ itz&. mm t $x 

A L . FftKJ] Z Hm&ft lZ-&hitX 1 MOTorrfc 3 y 

[ooi4] zcojxymfcmi. omm&ymxrw 

g-fMflUcJt^T'h^VK ©h* , N' -f^ywxA- 
■y ? 1) yfimizl VmMmV'J&gtf*^ ws&»c 

->WiVS*t Ixim-vfrT-yW Y&XTyvxmz 

[ 0 0 1 5 ] <fc . ±T2#WM H 

/NQiafcEBSfiSx^-- tx^XA-y^OiKK k t 

h. <tx.*wynzMzixhmium\&. 4* 
yBJtmtzmfczti&zu±%<. nxm.\m, m 
«2ftj£, *tm.mm&k\ mcozmumzmm 40 
zzttfix'th. zcoms. x^—>rx^x^yy<o± 
te-t-f h ^-ivt<nmmtiwzmmms:Uix t J: 

[00 1 6] wjicfc^T, s-ftBowawt, 

30~90jum#<ifi L<, X^.— tx* XAy^JrJe-if 
4 h'U— frkcomtmitZti^XlZ, 12~25jumt-t&C 
k# { #?£U\ 

[ 0 0 1 7 ] 1M VU-Mi. is<J yytfTtWRth 50 
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4 

&'C r 1 3-2 2%*iStstiliBr?i\rrV*)-4 hJkXr-y 

uxmwmK&mztih. imm^Ty^-A f 

^Xy-y^xm^^tz^Ui, ftii&Ltz&olz, 4 

*ym\mt ixv<xmmmm%tih t 

»4>*l*. 4fc, X^— frx* XA'y^ti.. ■'M F'W- 
[0018] 

co^is. v- 'J y^'"KT k wsf«iffltw*>f ?r 

[ o o 1 9 3 ttz, xjA'Vyrmnfiaitbmtcriv 
miwmztix^wx\ *a >uv y^mmnm 

±X'£h. 

[0020] -fj. YV-lVtfX*<-*r3.*Xrty 

y k wtt t miMMZtix v . -mz . 

[002 1 ] *^0JT'(i, x^— *rx.*Xrtyy<ryy% 

mitzZ k fc J: •) . x^.— txdp XA°y^;i4««il»ih 
•tS^ k4*TS . «SI!tcJ: SX^— tx4f xnyyom 

[0022] ^OJ; 3 4^HHlc iWf, ^TktgM 

i*w»*itttfcfc*, xAnvyymtmmthtm 

t,zt3\,iXli£.iWBm£ftto1'liZ*4 iW) y?®<F>m$£ 
ML, x^-ifxdfXA-yykcoSfftli^tfcOT 
{i» -t-f HU-;KcH^k«ui«:ifi§-f . x^— txdf-x 
Av^nfiftKHISrit-f i kCJ: -ax, x^.— tx-tx 
A-yr^HSrRSihU, iftfeOfffflfci-j-CWAttt 
Six, Jl--f;WHKfii««ac3:^Tfi<*t»'CS4ffl^ 

/i^ 'J y ^£Jgffil-*> ; k tfX'Z h . 

[0023] 

[^JfeWl 0 1 tJi. sWSW)!!^:*^ ^ u y^«o- 

[00 24] Z\<n®&*t*A)VVyy3U&, ±T2* 
<7)H$0.5mni gjgco^^xf— ;H).i<ytcJ; oTM3 
*lfe»K<01?--f FHH3, 1 5£±TCEU 
-t^f HU-/H 3. 1 SWfaltBrffl^n^^^-rx^. 
— yx*XA'y*' i 7 ^ji^ L^HQBTttt Liz t OT" 

[0025]t^h'l/-/H3, Crl3-2 
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wznMtvmMzk 9s«a#&&$*u mm 

cr>mZtlX ^Sr^ffi. i-%hh->M FHH3. 1 5 

^hioizmEMivmrntfi, ^-iivivy?. * 

[00 2 6] X^— txdfXAV^l 7(±, Ji—Xrt 

ffM^iltfcO. t^Fl/-/H3, 1 5 4> 
ftfcfflit i4^5f-f /HI y /«l*l(cz§< J: a fc&^T n 
4. 7^M?J«;M2 3# 

mfoZhXii*) . ^5&2 3#±TKEHS*ifclM 
K1/-/H3, 1 Sfcfltet&AdC&o-Oift. & 

a^ttcohMzV&feZti&ZtltKcK. tx 

[00 27] tx^xny?" 1 7<7)+M HU-- ;l/ 

13.1 Sfc^SMSStfh ^CllM2 3l:liI« 

a^si^n. mit!m®3 3tf*ti?tiBf&,ztixi3 

5tcoW&izX h zi—fx.*zjiyir 1 7<?5«t6*IW 
itlT^S. X^-fx^^^/l 7fcg-ft*a 

^-^xdfxny^l 7(4, W»ftti«85: 
[0028] 02 £14, H 1 tiptf-ffl^-frjM /V'J y^ 

t f ym-i iwj yymwzmmitzmmzti 

[0 0 2 9] exhy<w/^jy^j^5rticK*s 
titz&-&£*4>V>)y/3 Hi, xi— 9"X^XA°yy 
1 7i0j£?S7J{C < t . -?-c^mffl*>'y U y^T 3 7 

[0030] x^— fxdfXA-y^i i<Wimi) 

(4. 1M FHH3, 1 S^TKff^fllKittffl 
L. tM FU— /H 3cort^llW±M$r7f-f;U'jy^?f| 
3 5<0|*lS_tJH;:, 1M KU-/H 5cortJHi]c7)Tif5- 

:nt £ . im F v-iv l 3 , l 5 ^fflffiJ^koawj- 
WiS-fWfiai^fiK^n.T^^^coT'. 'J y^?I3 5 

[00 3 1 ] &tz. tM FU-yH 3. 15^C0-^^ 
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[0032] — 3r. X^— fx* XA'y/ 1 7£>B»2 

f u-^ i3.i 5 1 <wk <mwz\$m\sm 

miWfc&ZtlX^hnX'. 1M FU-yH 3. 15 
t oftttfc J; & xi—frx* xy \*y / 1 7 «$ffi£PM 

•t s ; t , xi— t x* x y < y rmmz 

D<Di&Tm±x'$i. 

[0033] mm i 

H3KjSt<k3fc, ISv/i'fyt^ M^fyi/xl 
10 *><9*6^>f KU-;P4 3Sr. S»«4 l±(cifSSit 

ffi«4 5^affiLT. ■t'f YV—iVA 3 5r±Tt^Cr 

4 3 atcMLT>f *yWH6tJ: ^WHt^^M 

itvmmffi&ifz. 

[0034] 04 C(4, iW*j£fcJ:->"rHft«Sl*ff 

4 3*4, ±Tt^*-L^«"CnJHffl4 3a^UB9 

20 4 3 btCJi^ttaJi^Sil-fs If'f KU-/P4 3<0^h 
»4 3 alCW«»12 1 *^«$tL&„ 
[00 3 5] H5W±. 03K*$frM>lM h'l/-M3 

fctts a - EOTtBHf *» <b *<i-f n-yyryus: JDtaj L . * 

*i«iWM H>-yU4 3tffM^n?tig«fM2 1 
[0036] ^OfeS:. "f'f Fl/-yU4 3WHOT4 3 
30 (C*»3&>*>fe-f ^T60/xi S*T* 0 . F P-yl-4 3 

[0037] H6t(i. ■t'f Fl^-yU4 3«^MIffii4 3 

[0038] Zcom^. *M YV-)VA 3«aW«185S 
# Hv372T'S) 4 LT.^ vmVMz XhWitte 

frt>60u* fflS&mZVfflfiX'ii HvlOOO U±c7)®JE$: 

40 tkU ^^y^M^ift^^^^^b^-cffi^ffi 

[00 39] ^WJ2 

HS86nun, ifi?iJ4^(Sl, 2000 cc coxy v'ycofx h y 

(I. ^HC^-th-XFy'jy^'S-^t. 5200r.p.m.X 
H.0.T.X30HHBI. *S105 °C ?HiS125 °CO-^T'»£ 
2rff-5!t. =5rfc. «14>, r TOPj jih-yr'jy^, 
r 2 n d j (i-t^yFUy/. r o i Lj (i^-^yu'jy 

r j tiA-Uyl/^nm^T* & i t . x^— 
r t -y f - 7 mm j 5»<OHJa*lft|«|fflPB. r B j 

50 «# U y?<r)WZWvn&2 > r Tj {4#'J y^Wti 
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[004 1] iMK&Tf*. h y^$ffift£ 
ffl£L£*S5l£ll8^-r o 04". r CYL j f±. xyy 

[0 04 23 &tz . *4/U>J y7m<n®%§L$:mfc It: 
&&Zm9lZvkir. I9lcfc^t. r F j (iFron 

t . r Thj (^Thrust, tr j (iRear, r AT j (±Anti Thr* 



[0043] ®c, # fx h y y y^oSJUjJSiMsfcffll 

[0044 ] m®M3 

tmmtzcoM yfymitfmttz^ w->vt. mm 
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[004 5] ^iX^co^^^'Jy^, l?WJ2t|5lt 
x y h y \,zW& I . HWJ 2 hp) t jftff 

[0046] CliOj: a tc, XAV^Sr^t; 
[0047] 

*m y u-/n*)JU tmbtzmizmimmzmitzz 
tt,z£<o, + m Fu-/Wf.«, *4)vyyym. x^- 

< (H»T* 4?M ^ u y?*W8k-$hz. t tfX'Z h . 
[0ffl?>fS#&I&BJ!J 

[Hi ] #5%Hj^ffl£-tt7M /HJ y^Wl^t 
[02] Hlfc^-rffl^jJ-^^'jy/SrexhyeojJ- 

[04 ] H3lcjp-r*?6KJ: OHlUMlSrltLfclM H 

u- iv z^tm^mmmm x-h h . 

[05 ] BB3fciWMfiKJ: 0»*«n«:Hft»M«) 



5. 

[06] 03ic^-r^atcJ;O»)«$^^«Bll« 

^ii^<5>^»sfcWisowKfcoi^i7Ptia' , c , *i. 

[07] ftS^^*4^yy^>Ha£wTOHSia 
[08] xyv>«ot°xhytctrxh-y;y/^^ifL 

io [09 ] ±mm.nzts^x*4 m ymcommzm 

[010] ±E»»t*j^T#tx hyvy/wwnw 

mtmfe itztm£-*i-mx'h&. 
[0ii] txdfxKvrtcg-iMa^teL^ 

k\ x^-+^xdf^y\ a yrc7)5^1gM^«t. + M H 

[??^<7)ittBB] 

20 13,15 1M K1/—/L- 

1 7 X^— tX^fXAVy 

2 1 
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31 mutxJfrVyT' 

3 3 

4 3 1M1<U-;U 
4 3a iM 

4 3b -»M KU-yM^B 
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